Absfract. Mycotic gastritis, primarily caused by Rhizoprrs sp. was seen in six buffalo calves (7-1 3 days old) at postmortem examination. The predominant lesions were numerous raised ulcers in which were hyphae of Rhizopirs. In three calves, Candida organisms were also present superficially in the ulcers. Other changes in the rnucosa were severe congestion, haernorrhage, thrombosis, necrosis, and infiltration by lymphocytes and neutrophils. Both Rhizopirs and Cundidu were highly pathogenic to rabbits when inoculated intravenously. The disease could not be reproduced experimentally by feeding of Rhizopus orally to rabbits and calves.
Various species of Candida, Mucor, Histoplasma, Aspergillus and Cryptococcus have been named as causative agents of several mycotic infections in alimentary tract of domestic animals [7] . Candida and Mucor sp. have been reported to be associated more frequently with alimentary tract lesions. There are a few reports of serious or fatal gastric phycomycosis in cow calves [3, 61. There has been only one report of this condition in a buffalo calf [8] .
This paper deals with mycotic gastritis caused by Rhizopus sp. and secondary Cundidiasis in six buffalo calves, Fungi were isolated from the gastric lesions, and we attempted to reproduce the disease experimentally.
Materials and Methods
Mycotic gastritis was found at postmortem examination of six male and female buffalo calves 7-1 3 days old. The calves were from the same herd and had diarrhoea before they died. Tissue sections from most organs were fixed in 10% formalin. Paraffin sections, 5 pm thick, were stained with haematoxylin and eosin (HE). For demonstration of fungus, duplicate sections were stained by Grocott's methenamine-silver technique [2] .
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The material from abomasal ulcers was cultured on Sabouraud's agar. Corn meal agar was used to culture blastospores of Candida.
Experiniental Studies in Rabbits
The two fungal isolates, Rliizopiis and Candida, from the gastric lesions were tested for pathogenicity in rabbits by intravenous inoculation. Four albino rabbits, each 1.0-1.5 kg, were used. Two were inoculated intravenously with 5,300 and 1,060 spores, respectively, of Rhizopiis suspended in Tween 80. The rabbit that received 5,300 spores was also inoculated with a single dose of 0.5 mg hydrocortisone intramuscularly. A third rabbit was given intravenously a large number of yeast cells of Candida suspended in saline. The fourth rabbit was kept as control. Rectal temperature was recorded daily. The three inoculated rabbits died. Tissues were collected at postmortem examination for histological and mycological examination.
In an attempt to produce the alimentary tract lesions, about 0.5 g of the Rhizopus culture was triturated in sterile sand and was given to two rabbits with the morning feed. One rabbit also was given 0.2 ml of hydrocortisone intramuscularly daily for 3 days. The feeding of the culture was continued fcr 10 days. The rabbits' temperatures were recorded daily. The rabbits were killed on day 14 of the experiment.
Experimental Studies in Culves
One buffalo calf about 1 month old and two cow calves about I week old were fed large numbers of Rhizopus spores (0.5 g wet weight of culture). The culture was triturated in sand and was mixed with the morning milk. To induce gastric irritation one buffalo calf and one cow calf also were given I2 aspirin tablets each for 4 days. All calves were fed the fungus for 4 days only and were killed on day 13.
Results

Naturally Occurring Disease
In the six buffalo calves predominant gross lesions were confined to the abomasum. These lesions were raised ulcers of various shapes and sizes. They were from 1.0 to 2.5 cm and were either round or irregular and dark brownish-red because of haemorrhagic and necrotic tissue. The early lesions were raised above the mucosal surface, but the advanced lesions had depressed centres and rough surfaces. The intestines and other visceral organs had intense congestion.
The characteristic microscopic features were fungal hyphae in the abomasal lesions which could be appreciated by HE and Grocott's methenaminesilver staining. The concentration of fungal hyphae was maximum in the mucosa but the wall of the stomach, including the serosa, also was invaded. Morphologically, the fungus resembled those of the class Phycornycetes.
In three buffalo calves, yeast spores and pseudohyphae typical of Candida were seen in addition to phycomycotic hyphae in the superficial part of the mucous membrane. Some of these yeast forms were budding. The few pseudohyphae were thin and short.
The microscopic reaction to these fungi was essentially similar and varied only in severity depending on the age of the lesion. Most severe reaction was in the mucosa and submucosa where there was the greatest concentration of hyphae. The predominant microscopic changes were intense congestion, thrombosis, haemorrhage, necrosis of epithelium, and infiltration by inflammatory cells, mainly lymphocytes and neutrophils, and few macrophages in the mucosa and submucosa. Many fungal hyphae had a tendency to invade blood vessels of the abomasum.
We attempted to isolate the fungus from five buffalo from which Rhizopus and Candida organisms had been isolated.
Experimental Findings in Rabbits
Rhizopus fungus was found to be pathogenic to rabbits by intravenous inoculation. Both rabbits had identical signs and gross lesions. Signs were rise in temperature, extreme depression, and slight tilting of head. Both died 3 days after fungal inoculation.
The gross lesions, in decreasing severity, were in kidneys, ileocaecal valve, caecum, jejunum and lungs. Kidneys, gray and mottled, were nearly double normal size. The lungs were atelectatic. Microscopically, the lesions, in decreasing order of intensity, were in kidneys, ileocaecal valve, caecum, jejunum, lungs, brain, liver and heart. N o gross or microscopic lesions were seen in stomach. The reaction was mainly necrotising of the tissues with mild cellular infiltration. Fungal hyphae were seen in interstitial tissue, tubules and occasionally in glomeruli in the kidneys. In the lungs the interalveolar septa were thickened because of infiltration by macrophages. Maximum concentration of fungus was in kidneys and ileocaecal valve, whereas a few germinating spores could be seen in lungs, liver and brain. There was suppurative meningoencephalitis in the brain. Candida organisms were found to be pathogenetic when inoculated intravenously in one rabbit. The rabbit was dull and depressed 24 h after inoculation. On postmortem examination lesions were found in kidneys, liver, lungs and stomach. The kidneys were slightly swollen and liver showed 0.5 mm white nodules. The right lung was consolidated. There was a small ulcer at the cardiac end of the stomach. Microscopic changes were focal lymphocytic aggregations and mild congestion. Candida spores were found in heart, lungs, stomach, kidneys and brain.
The two rabbits orally fed large doses of Rhizopus were normal grossly and microscopically.
Esperiniental Studies in Calves
None of the three calves fed Rhizopus culture had gross or microscopic evidence of fungal infection and all remained healthy.
Discussion
The morphological changes in the buffalo calves in this study resembled those described in phycomycotic gastritis in other species ofanimals [ 1, 4, 5, 7] .
There is little information about gastric phycomycosis in buffaloes. One researcher has reported phycomycosis in a buffalo calf with a brief history of diarrhoea [8] . In this study very young buffalo calves were found to be affected with phycomycosis. Young animals of other species have been reported to be more susceptible to this disease than the adult animal [4] .
Our buffalo calves died during a 2 !$-month period and no other cases have been detected. These calves were artifically fed with unpasteurised whole milk, the probable source of infection. Lesions in the 7-day-old calf indicated that infection was established soon after birth.
Others have reported that species of Phycomycetes have an affinity for the stomach in the young and for lymph nodes in adults. In our buffalo the fungus also invaded the abomasal mucosa. No metastatic lesions in the regional lymph nodes or other organs were seen, although the fungus invaded many small blood vessels in the abomasal wall. The absence of metastatic lesions was probably caused by thrombosis and occlusion of the blood vessels invaded by the fungus. The invasion of blood vessels has been reported to be the characteristic feature of this fungus [7] .
The candidiasis and phycomycosis affecting the gastric mucosa was an interesting finding. Although the candida organisms were isolated from all buffalo calves, the tissue invasion by Candida was seen only in three. The Candida yeasts and pseudohyphae were few and were in the superficial part of the mucosa, mainly in the area not affected by Rhizopus. The Candida infection thus appeared to be secondary rather than concurrent. Our experiments studied the pathogenicity of the fungal isolates and attempted to reproduce the lesions. Both fungi were found to be highly pathogenic in rabbits inoculated intravenously, but oral doses of Rhizopus did not produce lesions in rabbits or calves. The exact pathogenesis of naturally occurring phycomycotic gastritis in our buffalo calves is unknown.
Addendum
Three cases of phycomycotic gastritis in buffalo calves of the same herd and of the similar age group were reported after this paper was written. These cases were seen during January and February, 1976. Thus a total of nine cases have been reported.
